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Charge The EICUG Software Working Group’s initial focus will be on simulations of physics processes and detector 
response to enable quantitative assessment of measurement capabilities and their physics impact. (…) The working 
group will build on the considerable progress made within the EIC Software Consortium and other efforts.

53 members
N. Brei (JLAB) A. Bressan (Trieste)M. Asai (SLAC) W. Deconinck (Manitoba) M. Diefenthaler (JLAB)

S. Joosten (ANL)J. Furletova (JLAB)

D. Romanov (JLAB) T. Wenaus (BNL)

K. Kauder (BNL) A. Kiselev (BNL) D. Lawrence (JLAB)

C. Pinkenburg (BNL) M. Potekhin (BNL)

Growing core group



Role of Software Working Group
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Workflow environment for EIC simulations  
• to use (tools, documentation, support) and 
• to grow with user input (direction, documentation, tools)

Involvement from EICUG

Support

Develop

e.g. benchmark processes, 
detector designs, reconstructions 

algorithms



Introduction
Getting started
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Point of entry
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Collaborative workspace for EIC simulations
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• narrative of the analysis 

Jupyter Notebooks
• writing analysis code

• visualization of results

JupyterLab
• web-based interactive analysis environment

EIC Generic Detector R&D Meeting, January 30, 2020

• narrative of the analysis 

Jupyter Notebooks
• writing analysis code

• visualization of results

Python

Root/C++



JupyterLab environment

• bridge to modern data science, e.g., 

• collaborative workspace to create and share Jupyter Notebooks

• web-based interactive analysis environment accessible, 
consistent, reproducible analyses

• fully extensible and modular build a collection of analyses and 
analysis tools

• narrative of the analysis 

Jupyter Notebooks
• writing analysis code

• visualization of results

Python

Root/C++
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• Nature 563, 145-146 (2018): “Why 
Jupyter is data scientists’ 
computational notebook of choice”

• more than three million Jupyter
Notebooks publicly available on 
GitHub



Modular design

Escaping complexity scaling trap
• provide interfaces to internal layers
• interaction between layers must be clear
Modularity each layer must be replaceable
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JANA, eic-smear, fun4all, ROOT, Geant4

eJANA, plugins, C++

analysis scripts, python

JupyterLab web interfacesimple

moderate

complex

expert



EIC Software
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Monte Carlo Event Generators
Tutorials in preparation

Fast simulations
Tutorials ✓

Reconstruction of physics processes
Tutorials in preparation 

Simulation of physics processes

Full simulations
Tutorials ✓

Physics analysis

Simulation of detector responses



Remote tutorials
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January 2020     

Su Mo Tu We Th Fr Sa  

1  2  3  4  
5  6  7  8  9 10 11  
12 13 14 15 16 17 18  
19 20 21 22 23 24 25  
26 27 28 29 30* 31*

February 2020      

Su Mo Tu We Th Fr Sa  

1  
2  3  4  5  6 7  8  

Feb. 6 Jan. 29

Jan. 9 Introduction fast simulations, JupyterLab analysis
9:00 a.m. and 6:00 p.m. (EDT) with 79 participants 

Detector Full Simulations integrate subdetector in existing 
detector concepts, modify detector concept with with 68 participants Jan. 29

Continuing tutorials according to survey and other requests

Detector Full Simulations repetition of 

Feb. MCEG, reconstruction

recording

recorded

stay tuned

https://agenda.infn.it/event/21265/
https://indico.bnl.gov/event/7281/
https://agenda.infn.it/event/21265/


Support
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DevelopersUsers

experience

software-support@eicug.org Mailing list (anyone can contact)
Google forum (for archive of support requests and start of knowledge base)

http://eicug.slack.com/ EICUG Slack workspace with software-support channel

support team being built up
weekly shifts



Section
Status of EICUG simulations
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Simulations of physics processes and detector responses

Monte Carlo Event Generators

Fast simulations

Reconstruction of physics processes 

Simulation of physics processes

Full simulations

Physics analysis

Simulation of detector responses
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Broad collection of event generators used for EIC
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From https://wiki.bnl.gov/eic/index.php/Simulations and available in https://gitlab.com/eic/mceg

Monte Carlo Event Generators (MCEG)

https://wiki.bnl.gov/eic/index.php/Simulations
https://gitlab.com/eic/mceg


JupyterLab integration of MCEG (ongoing)

EIC Generic Detector R&D Meeting, January 30, 2020 15

Visualization of ep collisionExample: Container for Pythia8+DIRE

Jupyter notebook interface



MCEG R&D for EIC

Unique MCEG requirements for EIC Science
• MCEG for polarized ep, ed, and eHe3

• including novel QCD phenomena: GPDs, TMDs
• MCEG for eA
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MCEG community 
• focus of last two decades: LHC

• lesson learned high-precision QCD 
measurements require high-precision MCEGs

• MCEG not about tuning but about physics
• ready to work on ep/eA



MCEG R&D for EIC

General-purpose MCEGs, HERWIG, PYTHIA, and SHERPA, will be significantly  improved w.r.t. MCEGs at HERA time: 
• MCEG-data comparisons in Rivet will be critical to tune the MCEGs to DIS data and theory predictions. 
• The existing general-purpose MCEG should soon be able to simulate NC and CC unpolarized observables also for eA. A precise 

treatment of the nucleus and, e.g., its breakup is needed. 
• First parton showers and hadronization models for ep with spin effects, but far more work needed for polarized ep / eA

simulations. 
• Need to clarify the details about merging QED+QCD effects (in particular for eA).

MCEG for eA
• pioneering projects BeAGLE (eRD17), spectator tagging in ed, Sartre

• active development eA adaptation of JETSCAPE, Mueller dipole formalism in Pythia8 (ala DIPSY)

TMD physics
• Vibrant community working on various computational tools for TMDs. 

• CASCADE: MCEG for unpolarized TMDs (unintegrated TMDs) at high energy. 

• Need more verification of MCEG models with TMD theory / phenomenology. 
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MCEG for ep We are on a very good path, but still quite some work ahead.
MCEG for eA Less clear situation about theory and MCEG. 



Simulations of physics processes and detector responses

Monte Carlo Event Generators

Fast simulations

Reconstruction of physics processes 

Simulation of physics processes

Full simulations

Physics analysis

Simulation of detector responses
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Detector Simulation

• collaboration with Geant4 International Collaboration

• liaison Makoto Asai (SLAC)

• Geant4 for EIC

• coordinate input for Geant4 validation based on EIC physics list 

maintained by (former) SLAC Geant4 group

• Geant4 10.6 recommended (released Dec. 6)
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EIC
• energy range is different from LHC

• validation, tuning and extension 

including test beam studies

09/24 Geant4 Technical Forum on EIC 

• EIC detector and physics simulations rely on Geant4

• knowledge transfer (e.g., sub-event parallelism or tessellated solids)

• maintain EIC physics lists

• request improved photo-nuclear and electro-nuclear reactions

19



Geant4 infrastructure for EICUG
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Requirements
• EIC Generic Detector R&D program (T. Ullrich) “a 

simple lite setup with a well defined geometry 
description standard that is easy to use”

• EICUG Flexible accelerator and detector interface with 
full support of existing IR designs and detector 
concepts 

Approach 
• common repository for detector R&D for EIC 
• common detector description in Geant4 (C++) and not 

yet DD4hep (sub-detectors developed in Geant4 (C++))
• common detector naming convention for EIC
• possible common hits output structure 
• concise document and template on how to implement 

and integrate subdetector in EIC detector concepts

Discussion
• two in-person meetings 

• 07/10 EIC Software Meeting at BNL (minutes)
• 09/24 EIC Software Meeting at JLAB (minutes)

• evaluation 09/30, 10/21, 10/28, 11/18, 11/25

Two solutions proposed
1. detector simulations in fun4all, major update  for 

common EIC simulations
2. Geant4 application g4e, integrated in JupyterLab

https://indico.bnl.gov/event/6336/
https://docs.google.com/document/d/1EvE1vaEJ59YM5XWLDK4ScVSbVPFxoOhpz2OI8nquB04/edit
https://www.jlab.org/indico/event/339/
https://docs.google.com/document/d/1uaUORcugOzTKaJWhSZfrS7cET-3Oq6NomlgedQIOhIc/edit


Why two options?

• At The Software Working Group was caught by the start of the “Yellow Report” effort 
with two ongoing developments for full simulations: 

• fun4all, originated from within (s)PHENIX, mature and centered around the use of ROOT 
macros

• g4e, build up for the EIC (and therefore in a “younger” stage of development) constructed as 
a pure GEANT4 application (and integrated into JupyterLab environment) 

• Each of the two is supported by a core team of developers. 

• We put forward both options, leaving the “users” the freedom to choose base on their 
coding preferences. 

• We will take advantage of the two codes to cross-check few selected and critical results 
in order to improve our confidence in the outcome of the simulations.
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EIC Software Meeting on January 29
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Detector Full Simulation Tutorial 
• integrate subdetector in existing detector 

concepts
• using Jaroslav Adam’s luminosity monitor 

(Geant4 C++) as example
• modify detector concept



Greenfield simulation( framework)

Motivation
• community-wide project on event-processing software freeing us from the legacy of existing options 

while leveraging everyone’s experience

Definition
• Greenfield event-processing software := community-wide project on event-processing software 

freeing us from the legacy of existing options while leveraging everyone’s experience. The project will 
define requirements and build up the event-processing software on these requirements. Input by the 
wider scientific and software & computing communities is encouraged. 

Approach
1. Define requirements and write them down.  
2. Study existing implementations and consult with wider scientific community and software developers. 
3. Agree on design.  
4. Implement our design. 
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Accelerator interface

24

Accelerator design (beam elements)

Engineering Design (CAD)
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IR AND FAR-FORWARD OPTICS 7-11

Figure 7.6: The beam-pipe design for a horizontal crossing angle of 50 mrad and masking for
synchrotron radiation is shown. The radius of the synchrotron mask on the electron line at z = 1m
is 1.2 cm.

Synchrotron radiation Various sources of synchrotron radiation must be considered in de-
tailed background studies. Any time the trajectory of a charged particle is bent, synchrotron
photons are emitted tangential to the particle’s path. Bending and focusing of the electron
beam is the main cause of synchrotron radiation within the IR. However, contributions from
the upstream electron beam scattering o↵ residual gas must be assessed as well. It is important
to place the IP far away from strong bending magnets in the arcs to minimize synchrotron
radiation. The tracking detectors in the central detector and the calorimeter will be properly
shielded against synchrotron radiation; therefore, a number of absorbers and masks must be
applied along the electron beam direction. Synchrotron radiation also deposits several kilo-
watts of power into the beam pipe in the central detector region, which must then be cooled.
Additionally, synchrotron radiation can degrade vacuum quality by causing gas desorption
from vacuum chamber walls and/or heating of the residual gas. Synchrotron radiation is also a
direct and indirect source of background in the Compton polarimeter, the luminosity monitor,
and low-Q2 tagger located on the downstream electron side of the IR.

Beam gas interactions Beam-gas interactions occur when proton or ion beam particles
collide with residual beam gas. Ion beam interactions with gas cause beam loss and halo which
may reach detectors. This can be an important source of neutrons that thermalize within the
detector hall. A crossing angle and short section of shared beam pipe in the JLEIC design
minimizes the beam-gas challenges.

Beam halo Particles formed from elastic collisions of both electron and proton beams with
residual gas or beam-beam interactions can form a halo around the beam. Often the result is an
on-momentum electron or ion with large scattering angle. These particles can then generate
additional background by interacting with the beam pipe. Beam halo must be studied to
determine whether “scraping” the halo with collimators is required, and determine the proper
placement of those collimators.

Neutron flux Neutrons with energies around a few hundred keV can be detrimental to de-
tector components like silicon photo-multiplier tubes which are especially vulnerable. A quan-
titative estimate of the neutron flux is necessary for detector development and placement. To
achieve this, modeling the experimental hall in collaboration with the Radiation Control Group
has been initiated.

Detector Simulations
(Geant4)Tuning

Status eRHIC and JLEIC information available
Common interface under active development



Simulations of physics processes and detector responses

Monte Carlo Event Generators

Fast simulations

Reconstruction of physics processes 

Simulation of physics processes

Full simulations

Physics analysis

Simulation of detector responses
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Reconstruction options (in alphabetical order)
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A Common Tracking Software (ACTS)

EiCRoot (part of yesterday’s tutorial)

ATLAS software → generic, framework- and experiment-independent track reconstruction software

Collaboration of LBNL NP and HEP (Y. S. Lai et al.) for ACTS for EIC

eJANA (community reference reconstruction)

Fun4all (part of yesterday’s tutorial)

ESC project

Modular reconstruction based on EIC tracking tools (ANL, BNL, JLAB)

Prototype based on JANA2 + plugins for GENFIT and RAVE



Andrea Bressan (INFN, University of Trieste)

Markus Diefenthaler (Jefferson Lab)

Torre Wenaus (Brookhaven Lab)

eicug-software@eicug.org

Workflow environment for EICUG
• fast and full simulation available and 

being extended with community input
• documentation started and being 

improved with community input
• Support being built up

Grow with user input
• excited to support EIC Physics and 

Detector Conceptual Development / 
Yellow Report

Next steps
• excited to support EIC TDR 
• rely for now on eRD20 funding

mailto:eicug-software@eicug.org%20%20?subject=Engaging%20with%20EICUG%20Software%20Working%20Group

